The Eagle Nebula, with its grand pillar structures, is one of the most captivating astronomical objects in the sky. 1 The underlying dynamics of the Eagle Nebula are driven by the intense UV radiation from nearby bright young stars, which causes continuous photodissociation and ionization (i.e., ablation or photoevaporation) of the cloud surface layers. The resulting ablation pressure compresses the cloud and generates complex, radiative-hydrodynamic evolution, while the interior remains dense and very cold, due to very strong radiative cooling. A "force-free" magnetic field in the cloud's interior, described as "magnetostatic turbulence", is proposed as the source of the cloud's stiffness or resistance to compression. 2 The Eagle Nebula, shown in Figure 1 , is just one example of this common phenomenon of photoevaporation front dynamics in radiatively driven molecular clouds that occurs during the high mass star formation process.
: Just a few of the many examples of interstellar molecular pillars near young, hot stars. From left to right: Rosette Nebula, Eagle Nebula, NGC 3603. confinement fusion) or as a result of pre-existing enhanced-density clumps in the cloud, or by some entirely different process? Answering these questions requires a more fundamental understanding of the dynamics in such radiatively driven molecular clouds.
During the last several years, our group has made significant progress in developing a theoretical model of the behavior of the photoevaporated clouds and developing an analysis method to compare our model predictions with astronomical observations. Our 2D hydrodynamic model of pillar formation includes energy deposition and release due to the absorption of UV radiation, recombination of hydrogen, radiative molecular cooling, magnetic pressure, and initial conditions based on astronomical observations of the Eagle Nebula. We have developed a theory for magnetostatic support in molecular clouds as well as a linear-regime model for photoevaporation front instability which takes into account acceleration of the front, temporal variation of the ionizing radiation intensity, the tilt of the radiation flux with respect to the surface normal, 56 and partial absorption of incident radiation in the ablated material. To facilitate comparison between the model and astronomical observations, we have developed a process to create "synthetic observations'' from the model by filtering it through the known telescope response function and processing the result in a manner identical to that used for the observations.
Given the daunting complexity of the nonlinear radiative hydrodynamics, however, no model of the Eagle Nebula can be viewed as conclusive in the absence of scaled validation experiments. With a scaled validation experimental component added to our project, we would be able to investigate the Eagle Nebula dynamics in all aspects, combining new astronomical observations, fundamental theory, 2D radiationhydrodynamics simulations, and scaled validation experiments. This would be an unprecedented achievement and a new paradigm in astrophysics research and methodology.
Such experiments would also be of great interest from a fundamental radiationhydrodynamics perspective. (1) Directional radiation is predicted to lead to a new class of "tilted radiation" instabilities not yet observed in the laboratory. 6, 7 (2) A setting where the ablated plasma is not optically thin to the driving radiation leads to a new RayleighTaylor stabilization mechanism.
8 (3) To get RT-like instability growth requires entry into the deep nonlinear regime (i.e., tall columns), creating a very challenging and compelling radiation-hydrodynamics test bed. (4) Launched strong shocks encountering density enhancements could cause a strongly radiatively cooled clump crushing, which has never been studied before, and might itself be a seed for star formation.
We propose to develop and field an experimental design for a well-scaled NIF experiment to quantitatively test the models and 2D simulations of the Eagle Nebula dynamics deep into the nonlinear regime. The initial design is based on the Radiation Transport platform, and would use a half-hohlraum radiation cavity with a small, possibly tamped opening on the hohlraum axis opposite the laser entrance hole to create a long duration point source of radiation. This would simulate a star turning on, and drive a scaled molecular cloud target package, as shown in Figure 2a . Results from FY11 would aid detailed design work for a final target design, to be fielded in FY12. A complementary proposal for design work funding has also been submitted through the NIF Concept Development proposal process. A key attraction of our proposed experiment is that the required platform largely already exists. We expect to be able to field our Eagle Nebula science experiment with only minimal modifications to the existing platform, and be able to take publishable data with a minimal number of NIF shots. This proposal has also been coordinated with the Nonlinear, Ablative RayleighTaylor proposal from Alexis Casner's group, which also utilizes the Radiation Transport platform. Early qualification efforts will have similar requirements. That team's experiments could be used as a baseline or reference result which excludes directional effects of radiation. Our project would explore the directional effects in great detail.
NIF Facility Requirements
The proposed Eagle Nebula experiments take advantage of the established Radiation Transport platform. Figure 2b shows the Radiation Transport hohlraum and the proposed Eagle Nebula target. Both use the bottom half of NIF to drive a radiation source that ablatively accelerates a package situated above the hohlraum.
The Eagle Nebula experiments require that a hohlraum temperature of 100-150 eV is maintained for 10-50 ns. NIF is the only laser facility capable of generating a radiation pulse of that length with a sufficiently high, sustained radiation temperature and a full suite of imaging diagnostics. A pulse shape of this type would require a total energy of 200-450 kJ in 80 beams, which is within the beam energy limits of NIF. This is longer than any pulse shape currently used in experiments on NIF, and would need to be qualified before full-scale experiments were executed. This experimental setup will generate a radiation source at the upper, 1 mm diameter target aperture of approximately 100 eV. The irradiated foam pattern is offset from this aperture by 4 mm, lowering the effective temperature at the ablated surface. By integrating the flux at the hohlraum aperture, and assuming this flux expands into 2π steradians, we can calculate this effective radiation temperature at the foam surface.
Using F rad = σT rad 4 , we will have a radiation flux at the hohlraum aperture of 1.03 x 10 20 erg/cm 2 *sec. Integrated over the aperture, the power emitted will be 8.1 x 10 17 erg/sec. The flux at a surface 4 mm away will be reduced to 8.0 x 10 17 erg/cm 2 *sec, or an effective radiation temperature of 29.7 eV at the center of the foam. The edges of the foam will initially be only slightly cooler in temperature, but absorption in the ablated plasma will quickly lower the radiation flux that penetrates to the initial outer surface of the foam. Note that in future analysis, a more careful treatment of the time-dependent ablation pressure including the tantalum opacity and drive absorption in the ablated plasma "exhaust" will be utilized in our drive modeling.
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Using the effective radiation temperature of 29.7 eV at the foam, the ablation pressure generated is
Mbar = .063 Mbar (1) assuming a Planckian spectrum for T rad , γ = 5/3, and where we assume the material temperature is equal to the radiation temperature in the energy deposition layer.
ρh From this, we can expect an acceleration of , ρ is the foam density and h is the thickness of the foam feature, which is 6.3 x 10 12 cm/sec 2 at the center of the foam pattern for a 200 mg/cc Ta 2 O 5 foam that is 500 µm thick. A reasonable pattern in the foam could have an amplitude of 5 µm, and a spacing of 50 µm. This will give a classical RayleighTaylor growth factor proportional to exp[n RT t], where n RT = A n kg , A n is the Atwood number, which we assume is 1, and k is the wavenumber of the foam ripple pattern, 2π over the pattern spacing, here 50 µm. For a 50 ns drive on the foam features described above, n RT = 4.5, for a growth factor of ~90. This should provide ample growth for clear imaging of the evolution of the foam features.
Side-on backlighting would be used to explore the evolution of the foam features. This backlighter development would be part of the first-year experimental design phase, and would be modeled after the side-lighting setup used in the Radiative SNRT experiments fielded at the end of FY09. These development efforts would focus on choosing an appropriate backlighter and foam material for imaging experiments.
See the accompanying NIF proposal for our proposed sidelighter geometry, including how the geometry mitigates unconverted light effects.
In FY11, we require 5 shots to qualify the hohlraum performance for the required long pulse shape and demonstrate the side-on radiography techniques. These shots would measure the laser drive at the laser entrance hole using the lower Dante diagnostic, the radiation source generated at the upper aperture using a combination of the upper Dante diagnostic and the VISAR/SOP diagnostic, and the hohlraum stagnation and LEH closure using the lower SXI. Shots in FY11 would also qualify the side-lighting techniques, using gated imagers (GXDs) and streaked imagers (DISCs) in equatorial DIMs to assess signal-to-noise and resolution. In FY12, we would carry out the Eagle Nebula dynamics experiments, which would require an additional 5 shots using side-on streaked and gated radiography to observe feature evolution of the foam package, possibly simultaneously.
These NIF facility requirements are consistent with the current Radiation Transport platform development. Direct comparisons to the Radiation Transport geometry and pulse shape are included in the NIF proposal template, accompanying this proposal.
A sample shot plan is also included in the accompanying materials. All shots in the plan use existing, qualified, or soon to be qualified NIF diagnostics. Shot opportunities in FY11 would focus first on qualifying a long (10-50 ns) drive pulse, then on qualifying backlighting techniques with long laser delays. Backlighters would be tested for signalto-noise, resolution, and duration for use with equatorial gated and streaked diagnostics. This plan may be modified to include debris testing, if so required. FY12 would begin with a debris test of the full target, including the halfraum, foam pattern and holder, and backlighter. This would be followed by data shots probing different times in the evolution of the foam pattern.
Target fabrication and assembly would rely on techniques successfully implemented by the Radiation Transport Platform. The hohlraum, aperture, LEH shield, backlighter, and foam feature holder are identical or very similar to existing Radiation Transport target components, and could be assembled very precisely using similar tooling. Foam composition, density, and pattern fidelity would need to be carefully characterized, also much like the Radiation Transport targets.
Experimental Team
Amy Cooper will lead the experimental team at LLNL as Principal Investigator, with Bruce Remington providing input and science direction. Several members of the Radiation Transport experimental and computational (design) team will participate in this effort, including Steve Maclaren, who is the lead designer for the Radiation Transport team experiments, and Alastair Moore and Amy Cooper, who are both experienced NIF shot RIs, practiced in the details of the review processes, campaign management tools, target positioning, laser setup, and diagnostic requests. Akira Mizuta will perform 2D and 3D simulations, and advise on the theory of the directional instability. Mark Foord and John Hayes will provide additional simulation support. Robin Williams, Dmitri Ryutov, and Marc Pound will advise on the relevant astrophysical and hydrodynamic interpretation of the data. 
Summary of proposed experiment (Page 2 of 3)
• Brief campaign description (include summary of preparatory shots (drive, diagnostic development, other) and actual data acquisition shots):
We propose to test the initial design concept for a well-scaled HEDLP experiment to quantitatively test the models and 2D simulations of the Eagle Nebula dynamics deep into the nonlinear regime.
The initial design is based on the Radiation Transport platform, and would use a halfhohlraum radiation cavity with a small, possibly tamped opening on the side opposite the laser entrance hole to create a long duration point source of radiation. This would simulate a star turning on, and drive a scaled molecular cloud target package, as shown on Slide 4.
In FY11, we require 5 shots to qualify the hohlraum performance for the required long pulse shape and test side-on radiography techniques. These shots would measure the laser drive at the laser entrance hole using the lower Dante diagnostic, the radiation source generated at the upper aperture using a combination of the upper Dante diagnostic and the VISAR/ SOP diagnostic, and the hohlraum stagnation and LEH closure using the lower SXI.
In FY12, we would carry out the Eagle Nebula dynamics experiments, which would require an additional 5 shots using side-on streaked and gated radiography to observe feature evolution of the foam package, possibly simultaneously.
Summary of proposed experiment (Page 3 of 3)
• 
FY2011 Sample Shot Plan

Diagnostic requirements
• Please refer to the diagnostic list on NIF user website: https://lasers.llnl.gov/for_users/experimental_capabilities/diagnostics.php • List below NIF diagnostics required for your experiment (along with a short summary description of required spatial, temporal, and spectral resolution) or describe what you wish to observe, and NIF staff will match to available diagnostics.
• Also indicate below if any additional, user provided diagnostics are required. Provide a short summary of the user provided diagnostic below, including a list of all materials to be introduced into the target chamber.
At this time, we plan on using only NIF commissioned diagnostics.
Diagnostic Requirements Purpose
Dante 1 
ns
TW
The proposed Eagle Nebula pulse is designed to keep a hohlraum temperature at 100-150 eV for 20 ns, which results in a high-energy but lowpeak-power pulse.
We may wish to validate pulses up to 50 ns long, with a similar profile.
Target requirements (summary)
• List target types required (example: drive measurement; diagnostic test; data acquisition target)
• Drive qualification and radiation source characterization target (to qualify drive temperature for 10-50 ns long drive pulse); standard hohlraum with VISAR package and mirror The RadTransport 8.8 ns pulse shape used on average 3 kJ/beam to achieve a peak T rad of 210 eV.
Our pulse is shaped similarly, to generate a lower drive temperature over a long timescale, 20-50 ns.
